Through the use of a stylized, age-based eligibility feeding programme, we attempt to quantify the benefit of having individual-(as opposed to household-) level food intake data when it comes to targeting food transfers on the basis of age. In this context we show how optimum age eligibility cut-offs depend on the availability of intra-household data on food intake. Second, we provide quantitative estimates of the valeue of intra-household information and of knowledge of the process of intra-household allocation of calvies. Age proved to be a good indicator of individual calorie deficit. However, this was not the case with household-level calorie adequacy, which rendered age apparently less useful as a targeting instrument, often at considerable calorie cost. Food sharing within the household, on the other hand, rendered age impotent as a targeting instrument because of within-household leakage. If age is to be used as an effective eligibility criterion for a food transfer, the implementation of that transfer has to ensure minimum leakage to other household members. This type of exploratory analysis is one step toward quantifying the usefulness of intra-household data in the design of nutrition interventions. The costs of collecting intra-household data may outweigh the benefits, but the experiments presensed begin to answer questions about the costs of not collecting them.
Introduction
Many food and nutrition interventions are targeted to young children and infants. These age groups are generally considered vulnerable to undernutrition due to low-energy-density weaning foods and vulnerable to infection due to the move from breast-feeding to weaning foods and increased toddler mobility. Moreover, the functional consequences of poor health are thought by many to be more severe for these age groups. Hence, age is often used as an indicator of vulnerability to malnutrition [1] .
The case for age-based targeting of interventions would be even stronger if the actual allocation of food and nonfood nutrition inputs was skewed away from young children. That the food and nutrition status of some household members is not necessarily a good indicator of the food and nutrition status of other household members is by now a fairly well established generalization [2, 3] . A recent review of the evidence on the intra-household distribution found some promale and preadult bias in terms of the quantity of food intake, especially in south Asia, although variation was seen within that region. The review also found strong evidence of promale bias in the region in the allocation of non-food nutrition inputs such as health care [4] .
If information as to the intra-household allocation of nutrition inputs were available, nutrition targeting could be fine-tuned for maximum impact. Such information is, however, costly to collect (retroactively we could not get access to such cost estimates). This begs the question that we hope to answer: what is the value of intra-household food and nutrition data in designing targeted nutrition interventions?
We attempted to quantify the benefit of having individual-level (or intra-household-level) data as the costs of a departure from the optimum design of a stylized, age-based eligibility feeding programme due to reliance on household-level data. This modeling exercise was carried out under two different assumptions as to the intrahousehold distribution of food.
The stylized feeding programme we constructed used an upper age limit for eligibility [5] [6] [7] , with children age 6 to 36 months especially highly targeted.
The essential design question was what this upper age limit should the objective was to minimize food poverty with given resources for the provision of food supplements. In terms of the best age eligibility cut-off, how far wrong can one go with only household-level data on nutrition? A more appropriate objective function would be to minimize the effects of food poverty. This acknowledges that the benefits to an 18-month-old of eliminating food poverty could be greater than the benefits to an 18-year-old. This omission will likely bias the optimum age cut-offs upward but should not bias our estimates of he costs of not having intra-household data, as these are generated from a comparison of two identical objective functions.
The second objective was to provide a quantitative estimate of the value of the extra information that the costlier intra-household survey provides when the objective is to design optimally targeted nutritional interventions. It is recognized in the food and nutrition literature, however, that such interventions cannot be seen independently of intra-household food allocation, since a supplement to a child can be nullified by an equivalent reduction in feeding at home [8] . The third objective was therefore to provide a quantitative assessment of how far wrong one goes by neglecting the intra-household repercussions of a nutritional intervention.
Optimum age cut-offs for nutritional targeting: Application to Philippine data
The data set came from a household survey in the Philippines. The data and methods of collection are described fully elsewhere [9] . Information on nutrition among 448 households in the southern Philippine province of Bukidnon was collected and averaged over four rounds to account for seasonality and other fluctuations. The distinctive feature of the data is that the food intake of each individual in the household was obtained using the 24-hour recall method [9] . This intake can be converted into calories using standard conversion factors. In addition, we can calculate the calorie requirement for each individual based on 32 age-gender-pregnancy status categories. For this reason, the data are illustrative rather than definitive measures of individual-level nutrient adequacy. For more precise analysis, individual energy requirements would in addition be based on body weight and activity patterns. The calorie adequacy ratio, the ratio of intake to requirement, was the measure of food poverty in this application, and a calorie adequacy ratio of I was the benchmark. This is referred to as a food poverty line.
Food poverty is defined in terms of the P(α) poverty index [10] . For α = 0, P α becomes the headcount index, or the proportion of n individuals falling below a food poverty line (z). The larger the value of a, the greater the sensitivity of the index to the depth of food poverty. For example, at α = 0 the index gives equal weight to the individual with a calorie adequacy of 0.7 and the individual with a caloric adequacy of 0.99. For α = 1, P α becomes the gap index, or the average shortfall of calorie adequacy below the food poverty line. For α = 2, Pα measures the average squared shortfall of calorie adequacy below the food poverty line. Squaring the shortfall gives an even greater weight to individuals with larger calorie deficits and makes the index even more sensitive to the depth of food poverty. In figures 1-4, the vertical axes refer to P when α = 1. Thus the units refer to the average calorie adequacy shortfall from 1.0. We call these shortfalls food poverty.
The daily food energy deficit in our sample, namely, the sum of the individual differences between intake and requirement, is 1,048,631 calories for the 2,880 individuals in the 448 households. Let I be an individual's calorie adequacy ratio. If we did not have individual-level data, we would be forced to assign a household's calorie adequacy ratio to each individual in that household. This variable is designated H. Figure I shows that the mean of I in an age group increases, by and large, with age, but that the mean of H does not. This insensitivity of H to age drives many of the results below. The sensitivity of I to age may suggest a prima facie case for an upper age limit to calorie supplements through feeding programmes and the like. But what is the optimum age cut-off?
To calculate the optimum age eligibility, consider what happens to overall food poverty at different age cut-offs and different food transfer sizes. Figure 2 shows that for a food transfer size of zero, there is obviously no impact on overall food poverty at any age eligibility: the average calorie deficit remains ape proximately 18%. The lowest line in figure 2 is when the overall food transfer is fixed at I million calories, just about the amount necessary to eliminate the energy deficit if it could be targeted only to those with energy deficits. But when this is not possible, the curve shows the best that can he achieved with age-based targeting. As the upper age limit increases, more individuals are brought into the eligibility net, hut the size of the individual transfer is reduced because the fixed calorie transfer is divided equally among those eligible. At low age cut-offs, overall food poverty falls, and thus the marginal effect of bringing more people into the net dominates the infra-marginal effect of spreading resources more thinly over the existing beneficiaries. However, as figure 2 shows, eventually this balance is reversed, and overall food poverty increases. The age cut-off corresponding to the lowest overall food poverty is the optimum age cut-off. This is called example 1. 
The value of intra-household information
The analysis of the previous section is based on a survey that collects information on individual nutrition within the household, but intra-household information is costly to collect, and it would he useful to know its benefits. In particular, how useful is it in targeting? With this data set, we can provide an answer to this question. As before, let / be the true individual calorie adequacy ratio and H the individual calorie consumption adequacy ratio when each individual is simply allocated the household's calorie adequacy ratio. Here the household's calorie adequacy ratio is the mean of I within the household. Another household calorie adequacy measure is the ratio of the sum of calorie intakes across all household members and the sum of requirements across all household members. We have shown, at least for this sample, that these two measures track each other very closely (i.e., only a slight negative correlation between calorie intake and calorie requirement) [11] . Without information on individual intakes, we would be forced to use the distribution of H to calculate the optimum upper age eligibility. Call this example 2. Figure 3 compares the behaviour of food poverty lines based on I and H for fixed transfers of half a million and for 1 million calories. It is clear that the optimum age cutoffs can be different for I and H. In general, the curves based on household-level data are flatter and lower than those based on individual-level data. Intuitively, the flatness reflects the insensitivity of H to age. The suppression of intra-household inequality as represented by H results in age being a much poorer correlate with observed food poverty and hence a poorer targeting instrument. The marginal food poverty-reduction effect dominates the infra-marginal effect until much higher age eligibility levels are reached. In addition, the lowness of the H curve reflects the shallowness of observed food poverty, in all age groups, once intra-household inequality is suppressed.
What is the cost of getting the age cut-off "wrong" through the use of household-level data? One way to estimate this is to use individual-level data to calculate the extra calories that would be required to achieve the same level of food poverty reduction with the "wrong" age cutoff based on H. as was achieved with the correct age cutoff based on 1. This idea is adapted from work on land-contingent poverty alleviation transfers [12] . Table  1 presents the amounts of these extra calories for various values of overall transfer and sensitivity to food poverty. The costs of not having accurate individual-level calorie adequacy information by which to identify the optimum age cut-off are in the range of 2% to 35% of the original interventions. The costs are substantial precisely because actual calorie adequacy is strongly associated with age, and suppression of intra-household calorie information deprives us of a useful targeting instrument.
TABLE l. Equivalent cost (in calories) of not having individual-level data with which to target (example I versus example 2)

Sensitivity to food poverty
Size of calorie intervention
Best cut-off (yr) (individual data)
Best age cut-off (yr) (householdlevel data)
Cost of not collecting intra household data as percentage of original intervention
Low (a = 0) 
Intra-household allocation, leakage, and the implications for targeting
The analysis so far has assumed zero sharing of the calorie intervention that the eligible individual brings into the household. Either because the intervention is divided within the household, or through reductions in nonintervention calorie intake of the eligible member, it is highly unlikely that intervention calories add, one for one, to the total calories consumed by the eligible individual. What are the implications for the age-based targeting of calorie leakage from the eligible individual to fellow household members? Does it still make sense?
In general, this depends on the extent to which there is intrahousehold calorie allocation away from the targeted group, namely, children. Specifically, our data set allows us to answer the question, how useful is it to know the calorie reallocation outcome if age is used as a targeting instrument? As before, let I be the true calorie adequacy ratio, and let each eligible individual receive an equal share of the overall transfer. Now, however, the individual shares the calories with the other household members.
The arbitrary rule imposed here is that the individual's preintervention share of household calories is unaffected by the intervention. (This rule can be justified, however, by reference to certain principles of bargaining theory [13] .) Call this example 3. Figure 4 compares the behaviour of food poverty under the three different examples. When the three functions are compared on the same vertical scale, we can see that the food poverty line for example 3 is the flattest and lowest.
FIG. 4. Food poverty levels (a= 1) for different upper age cut-offs based on individual and household data and no food sharing and food sharing (examples 1, 2, and 3)
The flatness occurs because the original sampling design required that each rural household in the Philippines survey contain at least one preschooler. With leakage, each household immediately receives calories even when the upper age eligibility is only two years. Therefore age is a good targeting instrument only if poor households contain more young children and intra-household allocations are not skewed away from them. The same analysis with a more demographically representative sample containing older, richer households with no children would produce a more curved food poverty line for this example.
The low position of the line would seem to indicate that in a community where children and adolescents are deficient in calories, food poverty is significantly reduced if calories nominally directed to children are leaked to other household members. This counter-intuitive result is generated because the objective function we have chosen to minimize incorporates the food poverty across all individuals in the sample and places equal weights in the objective function on the alleviation of infant food poverty and adult food poverty. The former assumption means that when calories designated to preschoolers are leaked to adolescents who are calorie-deficient, the food poverty index declines. The latter assumption is clearly unrealistic due to the high vulnerability of infants to undernutrition and its severe consequences for them. If we had built this into the objective function, the curve in example 3 would have been much higher.
Under these conditions, the costs of making the wrong assumption on food sharing (i.e., assuming there is no food sharing even when food sharing does take place) are virtually zero, since, due to leak-ages, age is no longer closely associated with the delivery of calories to those who need them most.
Conclusions
In the context of a stylized targeting experiment, we have shown how optimum age eligibility cut-offs depend on the availability of intra-household data on food intake. Second, we provided some quantitative estimates of the value of this information and of knowledge of the process of intra-household allocation of calories. For our sample, age proved to be a good indicator of individual food poverty. However, this was not the case with householdlevel calorie adequacy, which rendered age apparently less useful as a targeting instrument, at an often considerable calorie cost. Food sharing within the household, on the other hand, truly rendered age impotent as a targeting instrument because of within-household leakage. This effect was strengthened because each household contained at least one preschooler. Therefore, getting the age "wrong" in the context of the stylized food transfer had few consequences in terms of calorie costs. If age is to be used as an effective eligibility criterion for a food transfer, the implementation of that transfer has to ensure minimal leakage to other household members.
This type of exploratory analysis is one step toward quantifying the usefulness of intra-household data in the design of nutrition interventions. Possibly the costs of collecting the data outweigh the benefits, but the experiments presented here begin to answer questions about the costs of not collecting them.
